Previous studies have reported that T cells from active systemic lupus erythematosus (SLE) patients contained global hypomethylation and demethylation at the promoter of several genes, which may contribute to the pathogenesis of the disease. Currently there are scarce data on methylation of retroelements in patients with SLE. We estimated and compared the methylated levels of human endogenous retroviruses (HERV)-E and HERV-K in normal and SLE CD3 þ CD4 þ T lymphocytes, CD8 þ T and B lymphocytes by using combined bisulfite restriction analysis-interspersed repetitive sequences (COBRA-IRS). HERV-E LTR2C methylation level in CD3 þ CD4 þ T lymphocytes of active SLE was significantly lower than inactive SLE and normal controls (P ¼ 0.023 and 0.035, respectively). Surprisingly, HERV-K LTR5_Hs hypomethylation was significantly detected in CD3 þ CD4 þ T lymphocytes from patients with inactive SLE when compared with the active SLE and normal controls (P ¼ 0.027 and 0.002, respectively). Demethylation of HERV-K LTR5_Hs in B cells was also detected when compared with the normal controls (P ¼ 0.048). Furthermore, the hypomethylation of HERV-E LTR2C in CD3 þ CD4 þ T lymphocytes was positively correlated with lymphopenia in active SLE, whereas the hypomethylation of HERV-K LTR5_Hs was significantly correlated with complement activity and Systemic Lupus Erythematosus Disease Activity Index score. In summary, for each lymphocyte subset in patients with SLE, IRS hypomethylation was found to be type specific. Further studies are needed to confirm and explain these observations.
INTRODUCTION
Systemic lupus erythematosus (SLE) is primarily characterized by the production of autoantibodies against different components of the cell nucleus and double-stranded DNA. These autoantibodies or immune complexes can induce inflammation that can result into glomerulonephritis, arthritis, serositis, vasculitis and neurological disorders or even end-organ damage. The precise etiopathogenesis of SLE is unclear but several studies have suggested that genetic and environmental factors are important for the development of SLE. 1 Furthermore, there is increasing evidence that epigenetic modifications or changes in the genetic expression that does not change the DNA sequence contribute to the pathogenesis of SLE. [2] [3] [4] DNA methylation occurs after the DNA is synthesized. In eukaryotes, slight modifications of the CpG dinucleotides occur at the fifth cytosine ring. These regions of the genome are also known as the CpG islands, which are rich in CpG pairs. Most of CpG islands overlap the 5 0 end of the gene regions, including the promoter and the first exon sequences. In general, the promoters of active genes and tissue-specific genes are hypomethylated whereas inactive genes are methylated or silenced.
Several independent studies around the world have suggested that the pathogenesis of SLE is associated with DNA globally hypomethylation of CD4 þ T lymphocytes of SLE patient comparing to normal group. [5] [6] [7] [8] In a mice model, it was shown that syngeneic recipient mice would develop lupus-like disease when it received CD4 þ T cells treated with 5-azacytidine or procainamide. 9, 10 Because of this, it has been suggested that hypomethylated CD4 þ T cells are the main culprits of SLE. Aside from that, it has been shown that some molecules related to disease pathogenesis such as lymphocyte function-associated antigen 1, perforin, CD70, and CD40L were overexpressed in autoreactive CD4 þ T cell due to promoter hypomethylation. [11] [12] [13] [14] Despite this, the roles and functions of hypomethylated genes continue to elude scientists around the world.
In the human genome, excluding CpG-rich sequences within the genes, B45% of interspersed repetitive sequences (IRSs) are methylated cytosines. 15, 16 IRSs can be divided into DNA transposons and retroelements, which contribute to about 2.8 and 42.2% of the human genome, respectively. 17 Retroelements can further be divided into two groups based on the presence or absence of long terminal repeats (LTRs). Two high copy number of non-LTR retroelement are long interspersed nuclear elements (LINEs) (20.1%) and short interspersed nuclear elements (for example, ALU) (13.1%). 18 Approximately 8.2% of the LRT retroelements are human endogenous retroviruses (HERVs). 18 Even though IRSs have often been referred to as junk DNA sequence but several studies have suggested that its functional role is to regulate neighboring genes of enhancers, repressors, alternative promoter, a new exon-coding protein and polyadenylation signal. [19] [20] [21] Several studies from various fields have studied the status of IRS methylation. For example, in the field of cancer, hypomethylated LINE-1 is the most commonly studied IRS element. 22 Hypomethylated LINE-1 has been shown to destabilize and alter the gene. As a result of this finding, hypomethylated IRS can be used as a prognostic marker in detecting cancer. [23] [24] [25] Our previous study has shown that hypomethylated LINE-1, but not Alu, was associated with SLE 26 whereas hypomethylated Alu and HERV-K were often found in the elderly. 27 On the basis of these studies, hypomethylation of IRS is also disease specific but the functional consequences of these IRSs hypomethylation are unknown.
Interestingly, peripheral blood mononuclear cells (PBMCs) from SLE and rheumatoid arthritis patients have increased expressions of HERV-E and HERV-K gag genes, respectively. [28] [29] [30] The transcription of HERV-E gag gene is also positively correlated with plasma blood concentrations of anti-U1 ribonucleoprotein and anti-Sm antibodies. 29 Furthermore, demethylation in HERV-E alternative promoter of CD5 gene in SLE patients has been shown to upregulate CD5-E1B isoform in SLE B cells. 31 This information supports the theory that IRSs can regulate adjacent cellular genes and contribute to the pathogenesis of SLE. However, the global methylation profile of HERV in SLE patients is still limited.
In this study, a combined bisulfite restriction analysis-HERV (COBRA-HERV) was developed to investigate whether there were any differences in the methylated levels of LTR retrotransposons in CD3 þ CD4 þ T lymphocytes, CD3 þ CD8 þ T and B lymphocytes among patients with SLE and normal healthy controls. Only specific subclass of LTR namely, HERV-E LTR2C and HERV-K LTR5_Hs that have been reported to be associated with autoimmune diseases were used in this study. [28] [29] [30] 
MATERIALS AND METHODS Subjects
Twenty-three patients with SLE were recruited from the King Chulalongkorn Memorial Hospital (Table 1) . Patients who had at least four diagnostic criteria for SLE according to the American College of Rheumatology classification were enrolled into the study. Disease activity was assessed by the Systemic Lupus Erythematosus Disease Activity Index 2000 (SLEDAI-2K). 32 Inactive disease (n ¼ 7) was defined as SLEDAI-2K score of p6 whereas active disease (n ¼ 16) had to have a SLEDAI-2K score of 46. 33 Ten healthy female volunteers with no history of any autoimmune disease served as normal controls. The average age of the inactive SLE, active SLE and normal control was 30±7.1, 31.4±7.7 and 28.2 ± 1.9 years, respectively (mean ± s.d.). Informed consent was obtained from each patient before entering the study. The trial was approved by the the Institutional Review Board of the Faculty of Medicine, Chulalongkorn University, Bangkok, Thailand.
Cell isolation
The PBMCs were prepared by Ficoll density gradient centrifugation. B-and T-cell subsets were further isolated from PBMCs by magnetic beads as described. 26 
Cell lines
Ten carcinoma and lymphoma cell lines were used: cervical (HeLa, SiHa and CaSki) colorectal (RKO), hepatocellular (HepG2), larynx (HEp-2) and leukemia (K-562, Daudi, Jurkat and MOLT-4). The cells were cultured in Dulbecco's modified Eagle's medium or RPMI1640 (Gibco BRL, Life Technologies, Pairly, UK), supplemented with 10% heat-inactivated fetal bovine serum (Sigma, St Louis, MO, USA) and incubated at 37 1C in 5% CO 2 .
COBRA validation using calibration DNA
To test how the COBRA estimation correlate to the defined methylation values, we validate our method using fully methylated and unmethylated human control DNA that was bisulphite treated (EpiTect PCR control DNA; Qiagen, Hilden, Germany). The control DNA was mixed in different ratios to obtain calibration samples with range of methylation percentages of 0, 12.5, 25, 37.5, 50, 62.5, 75, 87.5 and 100%, respectively. 34 T nucleotides was evaluated for HERV-E and HERV-K methylation. All values were represented by multiplying the methylated peak height by 100 and dividing it by the sum of the methylated peak height and non-methylated peak height.
Pyrosequencing

Combined bisulfite restriction analysis
DNA was extracted from collected cells by using a salting out method. 35 Bisulfite conversion of DNA was performed by using the EZ DNA methylation kit (Zymo Research, ZYMO RESEARCH CORP., Orange, CA, USA) according to the manufacturer's instructions. To compare the methylation of global HERV-E and HERV-K, bisulfited DNA was amplified by using primers with the following sequence: HERVE forward 5 0 -TTTTGTTAGTTGATGTRKGTA-3 0 , HERVE reverse 5 0 -CCCCAAAAAAAAAATTCYTAACC-3 0 and HERVK forward 5 0 -ATATTAAGGGAATTTAGAGGTTGG-3 0 , HERVK reverse 5 0 -CCCC TACACACCTATAAATATTTC-3 0 . These sequences were selected because it was located at the LTR of HERV-E and HERV-K. With these primers, we were also able to amplify subclasses of HERV-E and HERV-K LTRs known as LTR2C and LTR5_Hs, nomenclatures obtained from the Repbase database. 36 A total of 77 HERV-E LTR2C and 283 HERV-K LTR5_Hs were amplified after bisulfite treatment by using an in silico PCR of BiSearch. 37, 38 PCR was performed under the following conditions: initial denaturation at 95 1C for 5 min, followed by 35 cycles of 1 min at 95 1C and later with either 1 min at 58 1C for HERV-E or 60 1C for HERV-K and 1 min at 72 1C, and final elongation 7 min at 721C. The PCR products were digested with 2 units of TaiI (Fermentas, Thermo Fisher Scientific Inc., Waltham, MA, USA) in a total final volume of 10 ml to detect HERV-E (126 bp) and HERV-K (156 bp). Each reaction was incubated overnight at 65 1C and then electrophoresed on an 8% non-denaturing polyacrylamide gels. The intensities of the DNA fragments were measured on a PhosphoImager by using the ImageQuant software (Molecular Dynamics, GE Healthcare, Slough, UK). HERV-E-positive methylated amplicons yielded 91-, 82-, 73-and 53-bp fragments whereas HERV-K-positive methylated yielded 112-and 44-bp fragments. The methylation level was calculated as a percentage (the intensity of the digested methylated fragment divided by the sum of the undigested and digested amplicons). To reduce inter-assay variability, bisulfite-treated DNA from different cell lines were used as controls for HERV-E (HeLa, Daudi and Jurkat) and HERV-K (K-562, HepG2 and CaSki) assays. For each cell line, the methylated levels were standardized. Once the methylated levels were standardized, the methylated levels for all of the experiments were adjusted according to the controls.
For COBRA for unique HERV-E LTR2C, locus-specific HERV were amplified by using one primer bind at gene-specific sequences and another at LTR2C sequence. Primers for HERV-E LTR2C-APC2 were 5 0 -TAA AAG TAA GAT AAA TAG ATA A-3 0 and 5 0 -CCT TTT TAA AAA CTT ACA ACT-3 0 . PCR products of LTR2C-APC2 were digested with TaiI (New England Biolabs, Beverly, MA, USA).
Cloning and sequencing
For bisulfite DNA sequencing of HERV-E LTR2C-APC2, bisulfite-treated DNA was amplify by using primers 5 0 -AAG TAA GAT AAA TAG ATA ATT TTG G-3 0 and 5 0 -AAA ACT CCT AAC ACT AAA TTA AAA-3 0 . The PCR products were cloned into the pGEM-T easy vector (Promega, Santhan, UK). Ten independent clones were sequenced for each of the amplified fragments.
Statistical analyses
Statistical significance was determined by applying an independent sample t-test. Pearson's correlation coefficient was used to examine the relationship between two continuous variables. All analyses were performed by using SPSS, version 11.5 (SPSS Inc., Chicago, IL, USA).
RESULTS
COBRA-LTRs design and set up
The primer design for HERV in this study was based on the HERV-E clone 4-1 and HERV-K10 gag transcripts aligned from Genbank with the accession no. M10976 and no.M14123 sequences, respectively. To identify LTR subclasses, HERV sequences were analyzed by Repbase nomenclature. 36 Subclasses of HERV-E clone 4-1(M10976) and HERV-K10 (M14123) were identified to be LTR2C and LTR5_Hs, DNA methylation of human endogenous retrovirus J Nakkuntod et al respectively. As mentioned earlier, we select HERV-E LTR2C and HERV-K LTR5_Hs because previous study reported that PBMCs from SLE and rheumatoid arthritis patients have increased expressions of HERV-E 4-1 and HERV-K10 gag genes, respectively. 28, 29 A total of 265 LTR2C and 618 LTR5_Hs were mapped in the human genome by using Table Browser of UCSC Browser. 39 We try to develop the primers, which corresponds to conserved regions of all HERV-E LTR2C and HERV-K LTR5_Hs sequence (Figure 1 ). In addition, our primers allowed the amplification of CpG-containing region that located at R region of LTR sequence. This region usually has a polyadenylation signal. Furthermore, R region is important for transcription initiation and regulation of gene expression in retroviruses as described by Benachenhou et al. 40 To predict how many HERV-E LTR2C and HERV-K LTR5_Hs within the genome that our primers can amplified in bisulfite-treated genomic DNA, we performed an in silico PCR of BiSearch. 37, 38 A total of 77 HERV-E LTR2C (77/265 ¼ 29%) and 283 HERV-K LTR5_Hs (283/618 ¼ 45%) should be amplified after bisulfite treatment by our primers. The pattern of digestion of 77 HERV-E LTR2C and 283 HERV-K LTR5_Hs PCR products by TaiI was predicted ( Supplementary Figures 1 and 2) . From the LTR2C-COBRA, multiple bands were detected because there were several restriction sites in the amplicons. 41, 42 Low levels of sequence divergence (1-2%) in HERV-K sequence were reported. 42, 43 Out of 77 copies of HERV-E LTR2C PCR product, FIVE patterns of restriction site were predicted. We named each pattern as P1-P5 (Figure 1a) . According to the sequences, there should be 13% of P1, 15.58% of P2, 14.28% of P3, 27.27% of P4 and 28.58% of P5 (Figure 1a) . Only one pattern of HERV-K LTR_Hs was observed (Figure 1b) . According to the prediction, there were 1.3 and 10.77% undigested copies that caused by mutation at TaiI regonition site in HERV-E LTR2C of HERV-K LTR5_Hs, respectively. However, it should be noted that the prediction from in silico PCR could not accurately represent the real product as it did not take into account the limitation that can occur in the PCR tube. There are possible cross reaction with similar sequences in the genome as well, so our primer set might be able to amplify more copies than what we have estimated.
Our COBRA was validated using bisulphite-treated fully methylated and unmethylated human control DNA that was mixed in different ratio (Supplementary Figure 3) . The result from our COBRA method showed the highly significant positive correlation between observed methylation and actual percentage of methylation. However, we observed a much higher ratio of undigested band than what we have expected. As stated earlier, in silico PCR cannot accurately predict the real experiment. In addition, there might be some degree of undigested copies that was caused by the mutated CpG site from population polymorphism. The percent of coefficients of variance (% CV) in each group that have significant methylation level, as a measurement for group heterogeneity, were ranging between 2.66-16.31% (Supplementary Table 1 ). We also notice some PCR bias especially at the ratios of methylation percentage of 12.5 and 87.5%. Therefore, it should be emphasized that the HERV global methylation in this study is merely an estimation process and cannot display absolute methylation levels. The HERV methylation levels are relative numbers and the levels between samples can be compared only by the same detection protocol.
To further assess the reproducibility of each primer pair, we analyzed the methylated levels of HERV-LTRs in triplicate by using different lymphocyte subsets and cancer cell lines. All cell lines were cultured in at least three flasks so the same cells could be used for the COBRA assay. There were limited deviations in our results (Figure 2) .
The correlation between COBRA-LTR methylated levels and the mean methylated levels of all CpG by pyrosequencing In addition, we compared results from the COBRA method to the pyrosequencing technique. Pyrosequencing analysis was performed in 48 samples that were selected by sampling from lymphocyte subsets of 5 normal controls and 10 SLE patients and 3 control cell lines. Methylation levels of five CpG sites of HERV-E and three CpG sites of HERV-K were measured by pyrosequencing. The CpG position analyzed by pyrosequencing was indicated in Figure 1 . In general, the methylated levels of each CpG nucleotides, including COBRA TaiI representative nucleotides of HERV-E LTR2C and HERV-K LTR5_Hs, were positively correlated with the mean methylated levels. HERV-E LTR2C was also positively correlated with each CpG dinucleotides (r ¼ 0.92, P ¼ 1.56 Â 10 À19 for CpG1, r ¼ 0.77, P ¼ 1.48 Â 10 À10 for CpG2, r ¼ 0.56, P ¼ 3.5 Â 10 À5 for CpG3, r ¼ 0.55, P ¼ 6.7 Â 10 À5 for CpG4 and r ¼ 0.49, P ¼ 4.1 Â 10 À4 for CpG5). CpG1, CpG2, CpG3 and CpG5 are TaiI CpG sites for COBRA HERV-E LTR2C. Similarly, HERV-K LTR5_Hs was also positively correlated with each CpG dinucleotides (r ¼ 0.79, P ¼ 1.57 Â 10 À11 for CpG1, r ¼ 0.67, Figure 2 Mean ± s.e.m. methylated levels of (a) HERV-E LTR2C and (b) HERV-K LTR5_Hs in different cell subtypes. The coefficients of variance (%CV) were from triplicates for each cell type.
DNA methylation of human endogenous retrovirus J Nakkuntod et al P ¼ 2.06 Â 10 À7 for CpG2 and r ¼ 0.64, P ¼ 1.07 Â 10 À6 for CpG3, which is TaiI CpG site for COBRA HERV-K LTR5_Hs). Moreover, the correlations between the mean methylated levels from pyrosequencing was positively correlated with the COBRA HERV-E LTR2C (r ¼ 0.45, P ¼ 0.0015) and HERV-K LTR5-Hs (r ¼ 0.45, P ¼ 0.0003). Most importantly, for the CpG2 which is the same as the TaiI COBRA HERV-K LTR5-Hs site, there was a highly significant correlation between % CpG2 methylation calculated by pyrosequencing and % COBRA HERV-K LTR5_Hs methylation (r ¼ 0.71, P ¼ 1.38 Â 10 À8 ) (Supplementary Table 2 ).
Changes in HERV-E LTR2C and HERV-K LTR5_Hs methylation levels in SLE patients according to the activity of the disease Methylated levels in lymphocyte subsets from patients with inactive and active SLE, as well as the controls, were compared with each other. SLE patients were divided into active and inactive groups based on their SLEDAI-2K scores. Methylation of HERV-E LTR2C in CD3 þ CD4 þ T lymphocytes from patients with active SLE were hypomethylated (P ¼ 0.023 and 0.035, respectively) when compared with inactive and normal controls (Figure 3a) . On the other hand, methylation of HERV-K LTR5_Hs in CD3 þ CD4 þ T lymphocytes from inactive SLE were demethylated (P ¼ 0.002 and 0.027, respectively) when compared with normal and active groups. Moreover, demethylation of HERV-K LTR5_Hs in B cells was also detected when compared with the normal controls (P ¼ 0.048) (Figure 3b ). Each band of COBRA HERV-E LTR2C indicated that there were different methylated levels in the PCR products (Figure 4) . Therefore, each band of HERV-E LTR2C methylation from SLE patients was compared to the normal controls. Interestingly, hypomethylation in CD3 þ CD4 þ T lymphocytes and CD3 þ CD8 þ T lymphocytes were detected at the 53-bp methylated band (band 5) in the patients with active SLE and the normal controls (P ¼ 0.01 and 0.038, respectively) (Figure 4d ). When the methylated levels in the B cells were compared between the patients with active SLE and the normal controls, we detected a decreasing trend of hypomethylation but this was not significant (P ¼ 0.19) (Figure 4d ). Hypermethylation at 82-bp methylated band (band 2) was detected in CD3 þ CD4 þ T lymphocytes from patients with inactive SLE when compared with the normal controls and the active group (P ¼ 0.026 and 0.013, Figure 3 DNA Methylated levels according to the SLE disease activity. Methylated levels of (a) HERV-E LTR2C (b) HERV-K LTR5_Hs were shown in mean±s.e.m. P-value calculated by unpaired t-test two-tailed analysis. respectively) (Figure 4b ). Furthermore, hypomethylation was also detected at 73-bp methylated band (band 4) in CD3 þ CD8 þ T lymphocytes from patients with inactive SLE when compared with the normal controls (P ¼ 0.003) (Figure 4c) . Therefore, the methylated status of HERV-E LTR2C appears to be different according to their location in the gene.
DNA methylation of LTR2C loci specific
In addition, we compared LTR2C methylation levels of a specific locus between normal and SLE CD4 þ T lymphocytes, CD8 þ T and B lymphocytes by using COBRA for unique HERV-E LTR2C sequence. HERV-E LTR2C-APC2 is located at chromosome 19 B10 kb at 5 0 of adenomatous polyposis coli 2 (APC2) gene. Interestingly, the decrease of methylation levels in CD3 þ CD4 þ T cells and CD3 þ CD8 þ T cells of active SLE patients were observed, although there were no significant difference when compared with normal group (P ¼ 0.053 and 0.062, respectively) (Figure 5a ). In addition, bisulfite-treated PCR products from normal and active SLE patient were amplified, cloned, and 10 fragments per sample were sequenced. The result from only one pair of normal and active SLE patient shows that percent methylation was lower in active SLE patient compared with healthy individual at this particular locus (Figure 5b ).
Association of HERV-E LTR2C and HERV-K LTR5_Hs methylation with clinical parameters
We also correlated the methylated levels of retroelements with the SLEDAI score and clinical parameters such as white blood counts, % lymphocytes, platelet counts, anti-dsDNA and antinuclear antibodies titer, complement activity (CH50) and quantitative complement levels (C3) ( Table 2 ). Methylated levels of HERV-E LTR2C in CD3 þ CD4 þ T lymphocytes were positively correlated with leukopenia (P ¼ 0.016, r ¼ 0.51) and lymphopenia (P ¼ 0.023, r ¼ 0.48) (Figure 6a and Table 2 ). Methylated levels of 82 and 53 methylated band of COBRA HERV-E as well as the LTR2C-APC2 also show the Figure 5 HERV-E LTR2C APC2 methylation levels. Methylation levels of HERV-E LTR2C APC2 in normal and SLE lymphocyte subsets were shown in mean ± s.e.m. (a) Bisulfite-treated DNA from normal and active SLE were amplified and cloned, and 10 fragments per donor were sequenced. (b) Black circles correspond to methylated CpGs and white circles to unmethylated CpGs. P-value calculated by unpaired t-test two-tailed analysis.
same trend of association with lymphopenia (Table 2 ). LTR2C HERV-K LTR5_Hs in CD3 þ CD4 þ T lymphocytes was positively correlated with the SLEDAI score (P ¼ 0.02, r ¼ 0.48) whereas HERV-E LTR2C band 3 was negatively correlated (P ¼ 0.008, r ¼ À0.53) (Figure 6b and Table 2 ). The hypomethylation of HERV-K LTR5_Hs in CD3 þ CD4 þ T lymphocytes was negatively correlated with the complement activity (P ¼ 0.043, r ¼ À0.43) (Figure 6b ). In addition, methylated levels of HERV-E LTR2C band 2 (91 methylated band) in CD3 þ CD8 þ T lymphocytes with anti-dsDNA titer was positively correlated with the C3 level (P ¼ 0.01, r ¼ 0.49) ( Table 2) . Therefore, potential prognostic markers for detecting the activity of SLE disease are the hypomethylated forms of HERV-E and HERV-K. Additional studies are required to determine the function of these hypomethylated forms and its association with the clinical outcome.
DISCUSSION
Many studies have suggested the potential role of IRSs in regulating cellular functions. As for SLE, it has been shown that hypomethylation of IRSs can affect the cellular gene expression and may contribute to the pathogenesis and activity of the disease. 26, 44, 45 In this study, the investigations of hypomethylated HERV's involvement in SLE were carried out for the first time. We have developed the COBRA method to examine the methylated status of HERV-E LTR2C and HERV-K LTR5_Hs. COBRA-IRS was selected because it could detect thousands of CpG methylated locus just by using one set of conserved primers for each IRS and can be easily used as a screening method. However, the level of global HERV methylation in this study is a rough estimation and cannot display absolute levels.
We detected hypomethylated HERV-E LTR2C but not HERV-K LTR5_Hs in CD3 þ CD4 þ T lymphocytes of patients with active SLE. This methylation profile also correlates with the fact that HERV-E but not HERV-K transcripts was detected in PBMC of active SLE, supporting a hypothesis that hypomethylation of HERV lead to upregulation of its transcript. 28 Surprisingly, our result also showed that the patients with inactive SLE had hypomethylation of HERV-K LTR5_Hs in CD3 þ CD4 þ T and B lymphocytes when compared with the normal control. We do not know the reason of the hypomethylation of HERV-K in the inactive SLE. One hypothesis might be due to the specific function of certain gene regulated by HERV-K as protective factor instead of aggravating factor for disease severity. However, this is purely speculation and such gene is yet to be discovered. The expression of HERV-K transcripts from CD3 þ CD4 þ T and B lymphocytes should also be further explored.
Aside from this, there were no correlation between the DNA methylation levels of HERV-E LTR2C and HERV-K LTR5_Hs. It is possible that there are defect in certain proteins that target demethylation process to specific HERV sequences, which remain to be further proved. Currently, there are two main hypotheses regarding the role of HERV in SLE pathogenesis. First, the hypomethylation of HERV might lead to upregulation of HERV transcript. The aberrant expression of HERV could lead to production of autoantibody. 46 For example, there was a report proposing a cross reaction between (1) HRES-1 p30 gag and the SLE autoantigen U1-snRNP and (2) retroviral Ag p24 and the ribonucleoprotein Sm leading to the production of anti-U1 and anti-Sm antibodies, respectively. 29 Second, HERV may regulate neighboring genes by acting as promoter, enhancer or altering gene isoform. 44 The famous example is the report that demethylation in HERV-E alternative promoter of CD5 gene in SLE patients have been shown to upregulate CD5-E1B isoform in SLE B cells. 31 Therefore, it is possible that these Table 2 Correlation between HERV methylation levels with disease activity and clinical characteristics. hypomethylated HERV-E and HERV-K related to novel genes involved in the pathogenesis of SLE, which remains to be further explored.
To link HERV hypomethylation profile to disease pathogenesis, we analyzed the correlation between the methylated levels and various clinical parameters. Interestingly, hypomethylation of HERV-E LTR2C was positively correlated with leukopenia and lymphopenia in patients with active SLE. Although we cannot assess the association between HERV-E 4-1 with anti-U1 ribonucleoprotein and anti-Sm due to lack of these autoantibodies' result in our patients, the association of HERV-E LTR2C hypomethylation with leukopenia is very much interesting. One recent study also reported that leukopenia is linked to the methylation level.Wang GS et al. 47 found that the methylation levels in SLE patients with leukopenia were significantly lower than those without leukopenia following UVB irradiation. It is possible that the expression of the IRS antigens on the leukocyte surface can induce the body to produce autoantibodies against the leukocytes or can result in the upregulation of certain genes responsible for this phenomenon. Further studies are needed to confirm and explain these observations.
